Abstract The objective of this study was to evaluate different screening limits for the California mastitis test (CMT) and the somatic cell count (SCC) in previous diagnoses of subclinical mastitis in Santa Inês and Morada Nova ewes, which were reared under the same management conditions. Additionally, cutoff points were defined for SCC in accordance with the sensitivity and specificity of the test. A total of 907 mammary halves were subjected to CMT and SCC. The disease was confirmed by means of microbiological identification. Coagulase-negative staphylococci (CNS) were the microorganisms with highest occurrence. The CMT score of 1+ provided adequate sensitivity and specificity at all periods of lactation investigated. This score showed good agreement with SCC, >400,000 cells mL −1 . Higher cell counts favored higher diagnostic specificity. They can be used when producers have financial difficulties relating to treatment or culling of sheep with subclinical mastitis. However, producers should be warned about the risk of false-negative results in the flock.
Introduction
Mastitis limits the economic exploitation of sheep for meat production due to losses in the development of lambs or the lifespan of ewes (Marogna et al. 2010) . Ovine subclinical mastitis is characterized by quantitative and qualitative changes to milk, mainly through increased numbers of somatic cells. This higher cell count is due to mammary infections caused predominantly by staphylococci (Bergonier and Berthelot 2003) . Indirect tests such as the California mastitis test (CMT) (Hawari et al. 2014 ) and the somatic cell count (SCC) (Spanu et al. 2011 ) are among the methods most frequently used for diagnosing subclinical mastitis based on the increase in the number of somatic cells in milks from affected halves. According to Nunes et al. (2008) , few studies have addressed the diagnosis of subclinical mastitis in sheep breeds for meat production under Brazilian conditions. The CMT presents limitations when applied to sheep, since it was originally developed for cows (Schalm and Noorlander 1957) . Moreover, its subjective nature may lead to the incorrect interpretation of results (Clements et al. 2003) . The SCC, on the other hand, is an indicator of mammary gland health in cows and sheep (Spanu et al. 2011) and can be used to monitor prevalence of subclinical mastitis (Sharma et al. 2011) . The SCC in sheep milk covers different cellular elements, such as leukocytes and epithelial cells (Blagitz et al. 2013) .
There is no consensus in the literature about the acceptance of any SCC value as normal in sheep mammary halves. The objective of this study was to evaluate the different screening limits for the CMT and SCC of sheep for meat production with previously diagnosed mastitis, under Brazilian conditions of management. The cutoff points were defined for SCC according to diagnostic sensitivity and specificity.
Materials and methods

Management and milk samples
Sampling was carried out in two flocks located in the central region of the state of São Paulo, southeastern Brazil, between June 2012 and October 2013. The infectious etiology of subclinical mastitis was investigated in 907 mammary halves in Santa Inês and Morada Nova sheep. These ewes were subjected to the same semi-intensive management system, with access to pasture during the day and yarding in covered shelter at night. Milk samples were collected after clinical examination of the mammary gland to confirm the absence of clinical signs of disease. The samples were collected from each mammary half for the CMT, and plastic flasks containing 60 mL of milk with bronopol preservative were prepared for an electronic SCC. Antisepsis of the teats was performed using isopropyl alcohol, and two samples of approximately 5 mL of milk were collected from each mammary half. These samples were placed in sterile glass tubes for microbiological testing. This procedure was carried out after the CMT and prior to the SCC. The samples were collected at different postpartum times and immediately prior to weaning as follows: within 14 days of lambing; 15-28 days after lambing; 29-46 days after lambing; and not more than 10 days before weaning.
CMT and SCC readings
CMT readings were performed after mixing 2 mL of milk from each mammary half with the same amount of reagent. After slight homogenization, the samples were classified according to the degree of viscosity. Samples subjected to SCC were forwarded to a reference laboratory for milk quality recognized by the Brazilian Ministry of Agriculture, Livestock, and Food Supply, where count procedures were conducted in an electronic device by means of flow cytometry. The results of CMT were classified into four distinct degrees of viscosity: negative, weakly positive (1+), positive (2+), or strongly positive (3+). Different cutoffs of SCC results (cells mL −1 ) were defined: 100,000; 200,000; 300,000; 400,000; and 500,000.
Microbiological diagnosis
A microbiological diagnosis of subclinical mastitis was made after observing bacterial growth on the surface of Petri dishes containing solid culture media plus defibrinated sheep blood (5 %) and MacConkey agar. The plates were incubated under aerobic conditions for up to 72 h at 37°C, with readings at intervals of 24 h. The macroscopic characteristics of the colonies were evaluated, such as morphology, pigment production, and hemolysis. Microorganisms were identified based on morphological, staining, and biochemical characteristics. The results of the microbiological tests were interpreted as described by Pradieé et al. (2012) .
Correlation and cutoff points analyses
The correlation between the CMT and the SCC was evaluated based on calculated kappa coefficients, with values ranging from −1 to 1 (Sim and Wright 2005) . The values were interpreted as described by Viera and Garrett (2005) (Greiner et al. 2000) , according to the postpartum time when samples were collected from the sheep. Diagnostic sensitivity was established as the ability of the tests to present a positive result in the presence of microbiological isolation, while specificity was established when the tests showed negative results in the absence of microorganisms. The diagnostic sensitivity of SCC was analyzed separately in order to establish different cutoff points, which were called Bcutoff point A.^These cutoff points were compared with those calculated using Youden's J index, which is given by the sum of sensitivity and specificity, minus one, and is used to define optimal thresholds in diagnostic tests (Schisterman et al. 2005) . The purpose of cutoff point A was to establish higher diagnostic sensitivity for SCC in screening for subclinical mastitis in sheep, while cutoff point J, provided by Youden's index, do not necessarily favor sensitivity in the test. These values reflect the relationship between the rate of truly positive results and the rate of false-positive values, i.e., a combination of sensitivity and specificity values for the test. The results may range from 0.5 to 1.0. Results close to 0.5 indicate that the test does not provide an accuracy rating better than chance. The closer a value is to 1.0 the greater the accuracy of the test will be (Greiner et al. 2000) . The calculations were performed with using an online tool provided by the AusVet Animal Health Services (2014). Table 1 describes the infectious etiology of subclinical mastitis. No differences were observed in susceptibility to disease at any of the times evaluated, with relative risks of 1.283 (P = 0.5043), 1.015 (P = 1.00), 0.8111 (P = 0.7526), and 1.014 (P = 1.00), respectively, for within 14 days of lambing; 15-28 days after lambing; 29-46 days after lambing; and not more than 10 days before weaning. Table 2 describes the diagnostic sensitivity and specificity values for the various scores of the CMT and the enumeration limits in the SCC, according to the postpartum sampling time. Microorganisms were identified in milk samples from 236 (26.0 %) of the 907 mammary halves examined. The distribution of positive mammary halves in the two breeds was similar: 25.5 % for Santa Inês and 26.8 % for Morada Nova. The predominant etiological agents were coagulase-negative staphylococci (CNS). These microorganisms were responsible for infections in 134/236 (56.8 %) of the mammary halves separately. Taking into account all the staphylococcal species and associations with other microorganisms, this percentage increased to 67.4 %. Table 3 describes the agreement between different degrees of reaction to CMT and the SCC values. The CMT score of 1+ presented higher than 70 % sensitivity and specificity in the screening of subclinical mastitis in sheep at all the sampling times. The CMT scores of 2+ and 3+ presented higher specificity than the score of 1+, but lower sensitivity. The CMT score of 2+ showed higher than 70 % sensitivity only for the sampling time within 14 days of lambing, but was lower than 60 % at the other times. Lower sensitivities were found for the score of 3+. Specificity showed a tendency to increase with increasing SCC. At weaning, the sensitivity to SCC > 500,000 cells mL −1 was the lowest (66.3 %). Counts exceeding 400, 000 cells mL −1 were able to maintain sensitivities exceeding 70 % at all the sampling times, but specificity was higher than 70 % only at weaning. The same applies to the SCC > 300,000 cells mL
Results
. The cutoff points and accuracy of the SCC in diagnosing subclinical mastitis in sheep were established as shown in Table 4 . The kappa indices showed values not exceeding 0.79. The highest indices at the different times were found for CMT scores of 1+ and SCC exceeding 400,000 cells mL
. For the sampling time within 14 days of lambing, the index exceeded 0.70 with SCC higher than 300,000 cells mL −1 and CMT 1+.
Accuracy rates were higher than 0.80 at all the sampling times. When the diagnostic context favored the sensitivity of the test, the values of the cutoff points for SCC were lower than those determined by using Youden's index, except for the sampling time of 15-28 days postpartum. However, at this time, the specificity was found to be 0.66, despite the high . The specificity of the test at the sampling time of 29-46 days was low (0.52). Despite the specificity of 0.84 conferred by Youden's index, the sensitivity was not as high (0.67).
Discussion
Morada Nova is a locally adapted breed reared mainly in Brazil's northeastern region. It is used for meat and hide production and presents with good fertility and prolificacy, even in the harsh conditions of the semi-arid region (Shiotsuki et al. 2014) . The Santa Inês breed, which is widely reared throughout Brazil, presents with good reproductive capacity and good milk production, particularly in regions with a mild climate and greater availability of food (Pereira et al. 2014) . The occurrence of subclinical mastitis in the two breeds was similar. We believe that this similarity stems from the fact that the animals were raised under the same management conditions.
The occurrence rate of subclinical mastitis was lower than that reported by Moroni et al. (2007) (51.1 %), but was similar to that found by Davasaztabrizi et al. (2013) (20.3 %) . Our findings corroborate those of other studies that reported the presence of CNS in most cases of subclinical mastitis in sheep bred for meat (Moroni et al. 2007; Santana et al. 2013; Pereira et al. 2014; Olechnowicz and Jaskowski 2014) . There is little information that clarifies why CNS are the most important agents of subclinical mastitis in sheep, but their antimicrobial resistance profile and production of biofilms have been described (Ergun et al. 2012 ). These two features may be interconnected and favor the maintenance of microorganisms in sheep mammary glands and the consequent predominance of CNS in flocks. The ewes were moved to covered locations during the daytime only when they underwent health management measures to control parasitic infections. However, although these locations were cleaned constantly, stools and dampness were always present. CNS species were not identified in this work; therefore, the prevalence of contagious or environmental CNS could not be established. The sensitivity and specificity of the CMT and SCC may exceed 90 %. These values suffice to classify these tests as useful for screening subclinical mastitis, thus minimizing false-negative results (Lafi 2006) . In this study, the CMT score of 1+ proved ideal for use in screening ewes with subclinical mastitis. Nunes et al. (2008) also chose the CMT score of 1+ as ideal to differentiate between healthy mammary glands and those affected by subclinical mastitis in Santa Inês sheep.
A decrease in the diagnostic sensitivity of SCC with higher values was also observed by Clements et al. (2003) . However, unlike in our results, those authors observed that CMT scores of 3+ optimized the sensitivity and specificity of the test, even with a sensitivity score of less than 70 %. In the present study, there were some cases of mammary halves with SCC higher than 1,000,000 cells mL −1 and CMT results with higher scores, but showing negativity in the microbiological examination. The secretory epithelial desquamation can occur near the dry period of sheep. The inverse was also found to occur, i.e., cases of mammary halves with low SCC or negative to CMT, but with identification of microorganisms. None of these values were withdrawn from the analysis. Like cows, sheep may respond differently to intramammary infection and may even eliminate the infectious agent, but without reducing the intensity of the inflammatory response. Our microbiological analysis did not include an investigation of the etiological agents whose development requires specific culture media (e.g., Mycoplasma spp.). Possible fluctuations may occur in the SCC, depending on the microorganisms involved, the chronic or acute stage of infection, or the animal's stress (HARMON 1994) . Although this sampling time was defined as a range of time that involved milk samples collected from the first postpartum day onwards, the largest number of samples was collected after 7 days postpartum. There was a tendency for greater agreement with scores of 1+ as the SCC increased in the mammary halves, although the kappa index at weaning was 0.69 between the CMT score of 1+ and SCC > 500,000 cells mL −1 . A kappa index of 1 would represent perfect agreement. Zero would indicate agreement that was no better than what would be expected randomly. Negative kappa coefficients would indicate a lower agreement rate than what would be expected randomly (Sim and Wright 2005) . The agreement rate between the CMT and SCC was higher than that found by Pradieé et al. (2012) . However, these authors used a cutoff point of 500,000 cells mL −1 . The lower agreement these authors reported (k = 0.152) was only higher than the correlation observed for the CMT score of 3+ and SCC > 100, 000 cells mL −1 at the sampling time of 15-28 days postpartum and for the scores of 2+ and 3+ and SCC > 100, 000 cells mL −1 at weaning.
According to Berthelot et al. (2006) , a gland can be considered to be free of mastitis when the SCC is less than 500, 000 cells mL
. On the other hand, a gland can be considered mastitic when the SCC is higher than 1,000,000 or 1,200,000 cells mL −1
. Counts of 500,000 to 1,000,000 cells mL −1 indicate suspected cases of subclinical mastitis, which require confirmation by means of bacteriological examination (Fragkou et al. 2014) . The values shown in Table 4 were higher than the cutoff point suggested by Clements et al. (2003) , which was 1,202,000 cells mL −1 and for which the sensitivity and specificity were reported to be 72 and 63 %, respectively. However, the cutoff points calculated by Youden's index were close to this value when the sheep were in the first 2 weeks postpartum and 29-46 days postpartum (1,113,000 and 1,398,000, respectively), with specificities of 0.81 and 0.84 and sensitivity close to the first SCC value (0.76). According to Kern et al. (2013) , the limit of 400,000 cells mL −1 would be the most suitable one for detecting problems of mastitis in sheep that are bred for meat production. The goals for raising sheep probably interfere with the detection of an ideal limit for SCC, as it pertains to the identification of animals with subclinical mastitis.
Other authors reported counts of less than 400,000 cells mL −1 in a study of dairy sheep, ranging from 200,000 to 400,000 cells mL −1 (Olechnowicz and Jaskowski 2014) .
The establishment of suitable cutoff points to determine cases of subclinical mastitis in sheep bred for meat production should be in line with the costs that producers might incur. The use of a CMT score that is weakly positive (1+) can be considered ideal for screening of subclinical mastitis in sheep of the Santa Inês and Morada Nova breeds. This score showed good agreement with the SCC of 400,000 cells mL −1 in flocks in which the predominant infectious etiology is CNS. Higher cell counts present good specificity and can be used by producers in financial constraints, within a context of treatment or culling of sheep. However, producers should be warned about the risk of false-negative results in the flock.
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